INTRODUCTION 4 further spreading of crabs (Sundet & Hoel, 2016) . Actual chronological age can, for many 68 aquatic species, be determined directly from growth bands recorded in calcified hard structures 69 such as otoliths in fishes (Campana, 2001) and permanent shells in a variety of invertebrates 70 (Bluhm et al., 1998; Kilada, et al., 2007; Ravelo et al., 2017) . Until recently, similar methods 71 had not been applied to decapod crustaceans due to the loss and replacement of calcified 72 structures during moulting (Sheridan et al., 2016b; Becker et al., 2018) . Instead, indirect 73 methods, including observations of captive animals, capture-recapture experiments, 74 accumulation of lipofuscin age pigment in neural tissue, and analysis of size-frequency 75 distributions have been used to infer age (Hartnoll, 2001; Bluhm et al., 2001; Vogt, 2012; 76 Pinchuk et al., 2016) . Known limitations of these approaches lead to uncertainty in the accuracy 77 of subsequent growth model estimates. 78 Given that the lack of reliable age information continues to impede assessment and 79 management of many crustacean fisheries, much research has gone into exploring the feasibility 80 of direct methods of determining age. It was recently proposed that bands discovered in the 81 endocuticle layer of stomach ossicles of decapod crustaceans may contain age information 82 (Leland et al., 2011; Kilada et al., 2012) . The endocuticle is the inner part of the crustacean 83 cuticle, and underlies the exo-and subsequently the epicuticle (Vatcher et al., 2015) . Cuticular 84 bands are recognized as paired light and dark zones in the endocuticle, and represent variations 85 in material densities observable in x-ray and transmitted light (Becker et al., 2018) . These bands 86 were initially described from the ossicles of the gastric mill from six crustacean species (Leland 87 et al., 2011; Kilada, et al., 2012) and the eyestalks of two additional species (Kilada et al., 2012) . 88 These observations have since been extended to additional species of brachyuran and anomuran 89 crabs (Kilada et al., 2017b ), crayfishes (Leland et al., 2015 , lobsters (Kilada et al., 2015) , 90 5 shrimps (Kilada & Acuña, 2015) , and euphausiids (Krafft et al., 2016) . Banding in other hard 91 structures has been linked with checks in growth, often related to seasonal food supplies, 92 temperature cycles, or reproductive periodicity (Richardson, 2001) . Research in many fish and 93 invertebrate species over decades has established band count-chronological age relationships 94 (Campana, 2001) , which have been subsequently used in management frameworks.
95
Given the rather recent discovery of cuticle bands in crustacean gastric mill ossicles and 96 eyestalks, neither the generality of the occurrence, nor their relationship to chronological age 97 have been conclusively established. The occurrence of such bands is surprising given recent 98 detailed studies confirming that the gastric mill, including its ossicles, is fully moulted (Vatcher 99 et al., 2015; Becker et al., 2018; Sheridan & O'Connor, 2018) . The potential relationship of 100 cuticle bands to age is thus uncertain. In order to add to the discussion on the putative ubiquity of 101 cuticle bands and their interpretation, their occurrence needs to be mapped across multiple 102 species and regions. The mechanism of their formation must also be studied, and potential links 103 to age established, specifically the periodicity of the bands for a given species and region. If the 104 periodicity could be established, age validation is needed and could be performed through 105 calibration with individuals of known age (Kilada et al., 2012) , staining with chemical markers 106 (Leland et al., 2015) , or other independent age estimation techniques (Campana, 2001) . To 107 contribute to this ongoing body of work and debate about the potential utility of cuticle bands as 108 age indicators, we studied the occurrence of cuticle bands in P. camtschaticus from Norway, and where X ij is the i th band count of the j th crab, is the mean band count of the j th crab, and R is the 180 number of times each crab is read. CV was averaged across all crabs sampled to produce a mean. HyD detector set to 501-532 nm, the peak of the calcein emission spectrum, and natural 188 autofluorescence was subtracted. Cuticle-band counts varied in individuals of the same size in both males and females 200 ( Fig. 3 ). Male crabs of e.g. ~90 mm CL had a band count between 3 and 8, whereas male crabs at 201 ~160 mm CL showed 6-11 bands. The band count of female crabs of ~100 mm CL ranged from 202 10 4 to 9. Size-at-band-count varied by ~70 mm CL in males and by ~40 mm CL in females ( Fig.   203 3). While we refrained from translating band count to chronological age, we overlaid cuticle 204 band counts over published growth curves (McCaughran & Powell, 1977; Windsland et al., 205 2013) to show where they would fall. There was a visible good agreement (Fig. 3) .
206
The growth band counts in 15 crabs were consistent between two independent readers 207 ( Fig. 4) with a between-reader coefficient of variation (CV) of 6.8 %. Changes in technical 208 support to the project prevented running a larger sample size. The crabs that were stained with calcein and died within two days after staining or were 212 sacrificed within a week after staining (usable sections of 15 crabs) ranged 37.6-58.9 mm CL.
213
The calcein mark was visible at the growing edge of thin sections in the ptero-cardiac ossicle of 214 all individuals in this sample (example in Fig. 5C ). Fluorescence was, however, also visible 215 farther into the ossicles to varying degrees (Fig. 5C ), i.e. there was not as clear a calcein mark as 216 in similar studies of fish otoliths or bivalve shells (Campana, 2001) ( Fig. 5 ).
217
The 13 crabs that survived for a year or more after calcein staining ranged 45.9-180.0 218 mm CL. In these crabs, the part of the ossicle with a visible calcein mark was followed by a new 219 cuticle band (Fig. 5A) , which did not show the calcein stain (Fig. 5B ). This pattern was not 220 obviously different between the two crabs that did not moult and the other eleven. This is in 221 contrast to the more diffuse calcein mark observed at the growing edge of the ossicles of crabs 222 sampled within a week after staining with calcein (example of a crab sacrificed three days after 223 calcein staining in Fig. 5C ). Our study represents the first report of cuticle bands in stomach ossicles of red king crab from 227 Norway, and is in agreement with a recent study of the same species in Alaska (Kilada et al., 228 2017b). We revealed the presence of bands in the endocuticle of ptero-cardiac and zygo-cardiac 229 gastric-mill ossicles, and a general increase of band counts with body size in male red king crabs. 230 We further showed that individuals held for up to 13 months after calcein staining showed a new 231 band beyond the calcein mark.
232

Presence of cuticle bands 233
The cuticle bands we observed in the stomach ossicles of the Norwegian red king crab were 234 similar in appearance and location to those described in other brachyuran and anomuran crab 235 species as well as in lobsters and crayfishes, and in the eyestalks of some shrimps and krill (full 236 overview of taxa in Becker et al., 2018) . In all species where cuticle bands have been observed, 237 including the red king crab, bands appear in the endo-cuticle as a sequence of light and dark 238 stripes of different width, intensity, and clarity. 239 We confirmed the presence of cuticle bands in two types of ossicles of the gastric mill 240 rather than just one. Cuticle bands have previously been reported from ptero-cardiac, zygo-241 cardiac, and meso-cardiac ossicles (reviewed by Becker et al., 2018) . Where multiple ossicle 242 types were studied, investigators consistently found the same number of cuticle bands in the 243 different ossicles within the same specimen, though clarity of bands varies from species to 244 species and even within species. In the red king crab specifically, cuticle bands were clearest in 245 meso-cardiac ossicles in Alaska specimens (Kilada et al., 2017b) , while they were more clearly 246 visible in ptero-cardiac ossicles from Porsangerfjord individuals in the present study. High 12 clarity of bands from the ptero-cardiac ossicles was also found by Leland et al. (2015) in the red-248 claw crayfish. analysed two crabs to confirm that the crabs had not moulted during the period held in captivity, 262 giving insufficient evidence that cuticle bands could be deposited annually and independent of 263 moulting. After reaching sexual maturity, male red king crabs moult annually for several years 264 before they may start skip-moulting at approximately 90 mm CL (Powell, 1967; Nilssen & 265 Sundet, 2006 ). We were unfortunately not able to hold crabs for multiple years, but a multi-year 266 experiment is essential to determine the periodicity of the cuticular bands in P. camtschaticus.
267
Annual band deposition, however, defies current understanding of ecdysis and hard 268 structure reformation (Vatcher et al., 2015; Becker et al., 2018 , Crook et al., 2018 Sheridan & 269 O'Connor, 2018). These recent studies showed that gastric ossicles were completely moulted, 270 13 which challenges the proposed direct relationship between cuticle bands and chronological age 271 (Vatcher et al., 2015; Sheridan et al., 2016a, b; Becker et al., 2018; Crook et al., 2018) . These Clearly, the discrepancies in interpretation of cuticular bands among studies makes 291 further investigation and scrutiny of the mechanisms by which cuticle bands are formed 292 necessary. Given that it seems unlikely that some species would not moult their gastric mills, yet 293 14 the presence of cuticular bands has been confirmed in many species now, passing on age 294 information through moults seems less than intuitive at this stage. Histological studies before, 295 during, and after moult; validation experiments with multi-year captivity periods, including a 296 complete range of body sizes and larger sample sizes; and independent validation with 297 specimens of known ages must be conducted. tagging studies in northern Norway (Fig 3b) . Growth increments and moulting probability have 305 been estimated for the Bering Sea (Vining et al., 2002) and Norwegian red king crab (Nilssen & 306 Sundet, 2006) . While we do not have enough evidence to translate our cuticle counts into 307 confirmed chronological age, the visual overlap of the band counts with simulated probabilities 308 of ages of male red king crab by McCaughran & Powell (1977) for Bering Sea crabs and the 309 growth curve of Windsland et al. (2013) is obvious (Fig. 3 Our study contributes to the increasing documentation of cuticle bands in decapod crustaceans, 322 but was not sufficient to conclusively translate band counts to chronological age. Further studies 323 should conduct an experiment where both sexes of marked, known-age crabs across the entire 324 size range are held for several years, during which moults are documented and compared to band 325 counts. Additional studies describing the physiological process and morphological establishment 326 of band formation will help resolve the contradiction between seemingly periodic band formation 327 and the loss of ossicles during moulting. Such work is a necessary prerequisite before cuticle 328 bands could be applied as chronological age markers and be used to inform a long-term 329 management plan of the red king crab in northern Norwegian waters. image of a calcein mark in a crab sampled three days after staining with calcein where the mark 519 extends to the growing edge (C).
